Purpose: The goal of the ESTRO Patterns of Care study for Brachytherapy in Europe (PCBE) 2002 was to develop an aid to analyse brachytherapy practices. A 2 nd version of the PCB questionnaire was created for 2007. Data over 2007 were collected at the radiotherapy institutions in The Netherlands and compared with those from 2002. The aim of this study is to describe national brachytherapy practices, to demonstrate trends, and to provide data for rational health care planning.
The objective of the PCBE was to create a detailed information system specifically on the BT practices and resources throughout Europe and to monitor changes over time to identify trends and developments in the field of BT. The data thus gathered might further support or develop European policies for improvement of BT care planning in the EU based on rational grounds. An analysis of the acquired national data may show changes over time in available therapeutic or diagnostic equipment, staffing levels, numbers of patients treated, and compliance to (inter)national recommendations and protocols. Examples include changes in technical resources, such as the introduction and use of CT, MR and PET imaging and the phasing out of low-dose rate afterloading equipment in favour of high-dose rate afterloaders.
A first report of the 2002 data of the PCBE project was published in 2007 [3] . In that study, 100% of institutions in The Netherlands provided their data [4] . Similar overviews from other EU countries on BT facilities have been published [5] [6] [7] [8] . The 2 nd version of the survey for 2007 repeated most of the 2002 questions, but had a special focus on treatment of lung, breast, gynaecological, and prostate cancer patients. In addition, the general project was extended to include countries in Latin America. For this reason, the name of the project was changed to the Patterns of Care study for Brachytherapy (PCB). The value of the data collected is more valuable now that we have results from 2002 and 2007, thus allowing for the identification of changes over this 5-year interval, and especially considering that the number of participating countries has grown. A total of 62 countries agreed to be involved in the data collection. General results will be presented elsewhere [9] .
In the present overview, we describe the results of the surveys for the years 2002 and 2007 in The Netherlands. The distribution of BT facilities and the available resources are analysed and trends and developments therein are identified.
Material and methods
Both the 2002 and 2007 surveys focussed on the following classes of items: (i) general issues: number of institutions and patients, treatments performed, and staff performing BT; (ii) resources available for BT; (iii) participation in research and educational programmes; (iv) number of BT patients, with a breakdown by technique and body site; (v) specific questions on BT for lung and breast tumours, and detailed questions on gynaecological and prostate treatments. Essentially the questions in the new 2007 survey were the same as in 2002, with a number of minor improvements [9] . Some new questions were added -e.g. on the use of MR and PET imaging for BT -in response to technological developments in these areas. Importantly, a series of site-specific questions on the procedures for several tumour sites were added, as follows: questions related to treatment intent for endoluminal lung tumours, technical procedures used for breast tumours. In addition, for gynaecological tumours, questions were included about treatment intent, type of planning procedure, and whether or not the GEC-ESTRO recommendations were followed.
For prostate, questions were included on the availability of other techniques, the use of LDR vs. PDR and HDR, the use of loose vs. stranded seeds for permanent implant techniques, and on dose prescription.
The organization of the survey was very similar to 2002 [3] , with a local coordinator in each of the participating countries and a web-based document system, so that individual institutions could input the data directly. The online questionnaire was hosted at the ESTRO web site, while the study was coordinated by staff located at the Institut Catala d'Oncologia in Barcelona, Spain. The questionnaire is available as an appendix to the web version of the paper of the general results in Europe [9] .
The data collected was either from the reporting period of January 1 through December 31 of the given year, or the status of the department at the end of the year. For the 2002 data, 13 of 22 institutions in The Netherlands input their data via the web while the remaining centres sent their material by fax or email to the national coordinator. In the 2007 study, access to the new website for data collection was much improved and all responses were entered into the web database directly by the institutions. The Dutch national radiation oncology organization (NVRO) agreed to participate in the 2007 study and will likely do so again if the study is continued in the future years.
Geographical information
The Netherlands has approximately 16.5 million inhabitants. RT is performed at all university hospitals (8) , some of the larger hospitals (9) , and at several independent RT institutions (5). In 2002, there were a total of 22 RT departments in the country, although that number was later reduced to 21 when one of the independent institutions merged with a university hospital. The facilities are reasonably well-spread geographically throughout the country. A 100% response rate was achieved. The Dutch Comprehensive Cancer Centres publish annually the incidence rate of invasive tumours in a cancer registry with updates through the year 2007, last accessed in May 2010 [10] . Cancer incidence rates for The Netherlands mentioned in this paper are taken from this registry.
Definitions
For patients and treatments, the following definitions were used. RT Patients: A patient who has a treatment with external beam radiotherapy (EBRT) and/or BT. A person is included as one RT patient, even if the treatment is a combination of these two modalities. If a new site is treated within the same (calendar) year, this person is included as two RT patients. Brachytherapy patients: A person is included as one BT patient, even if the treatment is combined with EBRT. If a new site is treated with BT within the same year, this person is included as two BT patients. Brachytherapy application: If needles and/or applicators are inserted and this implant is used for several fractions it will be included as one application. If the needles and/or the applicators are removed and inserted several days or weeks later, this is included as two BT applications. The shift from LDR to HDR treatment was paralleled by changes in the availability of other resources: the number of specialised operating rooms available in the BT units increased from 6 to 11 of the 20 BT institutions, while the total number of dedicated shielded patient rooms decreased from 44 to 36. The routine use of 3D imaging for dosimetry using CT increased from 6 to 10 institutions. Use of MRI scanning increased from 3 to 4. The use of a planar film technique, 3D ultrasound, and PET scanning was asked only in the 2007 survey, showing that 13, 14, and 1 institutions used these techniques, respectively. The number of institutions applying in-vivo dosimetry during the procedures rose from 2 to 4. The number of treatment planning systems (TPSs) for use with BT (not workstations but rather the TPSs actually used for clinical BT) increased from 26 to 40 between 2002 and 2007.
Results

Patients, applications, and staff
Research and education
Eight of the 20 Dutch institutions provided information on research activities, reporting participation in a total of 4 prospective clinical trials and 6 study protocols. Several centres reported participation in the PORTEC-2 (4 centres) and PORTEC-3 (1 centre) trials [11, 12] , and three reported involvement in the imaging-based cervix programme of the GEC-ESTRO Embrace group [13, 14] .
Only 4/20 institutions provided -free text -information about educational programmes offered, and such programmes ranged from practical training of residents, participation of trainees in ESTRO teaching courses, to the organization of a PDR workshop. Site specific patient numbers Table 1 The last column of the table shows the 2007 cancer incidence in The Netherlands [10] . The 3 rd column lists the percentage of invasive cancer incidence treated with BT.
Detailed site-specific questions
In 2007, only 79 patients from 4 different centres underwent breast BT, with 67 cases (85%) treated at a single centre. The 2002 data showed a similar pattern, with 72 breast patients treated at 5 institutions, 48 of whom were treated at a single centre. Nearly all treatments (78 of 79 cases) were boost BT with one exception (a chest wall recurrence). A multi-catheter technique was used in all cases.
In 2007, 596 patients were treated for gynaecological disease, almost the same as in 2002 (586). A breakdown by tumour site and treatment intent is shown in Table 2 . Endometrial BT was postoperative, whereas cervix and vagina techniques are mainly definitive. In 2007, all preoperative planning in The Netherlands was performed with conventional 2D orthogonal X-ray reconstruction techniques. Of all postoperative and definitive case planning 43% were performed with 3D CT (33% of cases) or MR imaging (10%). The rest was still based on 2D X-ray based planning.
In total, 1030 prostate patients were treated in 2007 using 125 We should note that more than one answer was permitted as an institution may decide to use more than one technique. Only one institution reported using low-fractionated HDR afterloading treatments for prostate cancer, either as a monotherapy or in a combination with EBRT.
Discussion and Conclusions
This [15] . In another paper, the general 2007 results of the project will be addressed [9] . Compared to 2002, the 2007 survey was only slightly changed. The questions and definitions used in the new version were defined more precisely to avoid ambiguity in interpretation. Furthermore, a number of questions were added, including detailed questions on lung, breast, gynaecology, and prostate treatments. A 100% response rate was achieved from the 21 centres in The Netherlands.
Patients, applications, and staff
In general, the PCB data from the Dutch institutions showed a large variation, both between institutions and in some items viewed over the 5-year period. The changes that can be observed on a national scale are more gradual. The cancer incidence registry of the comprehensive cancer centres in The Netherlands shows an overall average annual increase of invasive tumours of 3.4% calculated over , which was largely due to the increase in prostate procedures. These average data correlate with the expected growth rate due to a combination of population increase and aging: often an annual growth rate of 2.5-3% is used in decision making projections to the future. However, a few of the -mainly smaller -institutions demonstrated a decrease in total RT procedures, while others showed large increases (up to +40%).
The overall percent increase in average staffing level for radiation oncologists (29%) was about twice the overall average growth number of RT procedures (15%), meaning that the patients per radiation oncologist ratio has decreased in these 5 years. The number of radiation oncologist performing BT in The Netherlands remained practically unchanged.
Resources
In general, institutions have much more capacity than strictly needed: thirteen out of 21 institutions were able to perform the 125 I seed implantation technique with up to a total of 1030 patient cases in 2007. If we simply divide the remaining number of BT patients in 2007 (2460 -1030 = = 1430) by the total number of available afterloaders (26; 15 HDR and 11 PDR), then the actual workload per afterloader is close to 1 case per week. The capacity to treat patients with an HDR afterloader is in principle much higher: it is possible to use an HDR afterloader for 2 cases per day or even many more per day in a busy, dedicated, and efficiently organised BT unit.
The replacement of the former generation of LDR afterloading equipment with modern HDR and PDR afterloaders is striking. One clear reason for this is the announced discontinuation of servicing of a widely-used 137 Cs afterloading device. A similar observation was recently made by Pearce et al. [16] who studied the current practice of the treatment of carcinoma of the cervix in Canadian centres. They specifically were interested in how the phasing-out of low dose rate technology from the commercial BT market was changing practice. In addition we observed that other types of micro-source afterloaders Any further changes in the number and types of afterloaders in the near future is likely to be related to the replacement of the existing equipment due to aging only, as for most institutions the currently available HDR and PDR equipment provide more than sufficient capacity to meet their needs. The Dutch strategy to replace LDR techniques with PDR techniques seems logical from the point of view of keeping 'equivalency' in dose rate , but is typically a regional phenomenon in The Netherlands although it also occurs in other countries, such as France. Quite often institutions -e.g. in developing countries but evenly well in other developed parts of the world -choose instead to work only with HDR equipment, mainly for economic reasons.
The data on available imaging modalities reported here support the observation that changes towards the high standard imaging technologies in the BT field penetrate only relatively slowly into clinical practice. The introduction of CT and MR based treatment planning in BT is occurring at a relatively slow pace in this country. The use of CT in BT treatment planning increased from 6 to 10 institutions, MRI scanning from 3 to 4 centres, and one institution reported using PET scanning in 2007. The use of ultrasound increased in parallel with the growth of prostate seed implant technique. Use of 3D imaging is expected to grow in parallel with the implementation of modern recommendations for dosimetry and with participation in international trials, e.g. in gynaecology (the Embrace study), and in prostate treatments [13, 14, 17] . In addition to the data on resources provided in this section, it should be noted that 6 (out of 16) institutions reported following the GEC-ESTRO BT recommendations for treatment of carcinoma of the cervix. This number is expected to increase even further in the next few years and should become apparent in a next survey [18] .
A large increase was observed in the number of TPSs used for BT. In most cases a dedicated TPS is introduced in addition to a conventional system when the prostate treatment technique is introduced. Furthermore, a small number of institutions have shown interest in using in vivo dosimetry in BT, with an increase from 2 to 4 institutions over the 5-year interval. In the Dutch 2007 data, there is no information available on the introduction or use of other radionuclides such as 60 Co, 170 Tm or 169 Yb. Use of such radionuclides may appear in new surveys in the next decade. There seems to be no future for endovascular treatments, as the dedicated equipment has completely disappeared from the BT field in this country, in line with the paradigm shift reported by Van Limbergen and Trepuranemi [19] .
Site specific patient numbers
With regards to the numbers of patients treated with BT, the general picture is one of stability in The Netherlands. The number of BT patients compared to the total number of new RT patients is close to 5%. For most tumour locations -gynaecological tumours, head and neck, bladder, breast, oesophagus, and eye tumours -changes between 2002 and 2007 were small and generally followed growth in incidence. However, it should be noted that, except for eye tumours (77%), cervix (42%), oesophageal cancer (20%), and anal canal (19%), the number of BT procedures per institution related to the respective cancer incidence is very small (Table 1) . Endovascular treatments disappeared from the spectrum as the coated stents were shown to be superior [19] .
One clear exception, however, is the huge increase in the number of 125 I seed implant cases for prostate treatment, a practice that grew since 2002 by 146% to a total of 1030 cases in 13 Dutch institutions over this 5 year period. The 2002 questionnaire was apparently carried out in a period in which the number of institutions performing this technique developed a rapid expansion. One explanation for this is found in the reimbursement system for this type of treatment in the Dutch health care system, which was changed at that time and since then allowed for full reimbursement for the costly radioactive materials. Another essential reason is likely the growing clinical evidence for image-guided prostate BT [20] . The rapid growth observed in the Dutch centres fits perfectly well in the study on the use of the prostate implant technique in Europe performed by the GEC-ESTRO groups Probate and Braphyqs, described previously by Hoskin and Venselaar in 2007 [21] . Based on the number of diagnosed prostate cancer patients of 9588 cases in 2007 [10] , we calculate that in 2007 10.7% of all prostate patients were treated with this modality. Some further growth in prostate BT treatments is possible if the other hospitals/institutions decide to startup a prostate programme. Introduction of other techniques as high-intensity focused ultrasound (HIFU) and robotic surgery, however, may counteract this possible growth.
Detailed site specific questions
Although the questionnaire contained specific questions on a number of different treatment sites, in many cases the responses cannot be properly analysed. For example, the number of treated lung cancer patients in The Netherlands was very low, deviating from what is reported from surveys in some other countries [22] [23] [24] . Furthermore the majority of cases were reported from a single centre.
The number of institutions performing breast BT was similarly low: with 85% of the 79 breast cases coming from one institution (out of 4 institutions using the technique) no general conclusions can be drawn. From the survey results it is not at all clear to define what is the influence of the upcoming evidence of accelerated partial-breast irradiation (APBI) for the number of patients that is going to be treated in the near future in this country with interstitial or intracavitary balloon techniques. A recent overview of patient selection for APBI after breast-conserving surgery was presented as recommendations of the GEC-ESTRO breast cancer working group, based on clinical evidence [25] . Further clinical research is promoted by this group focusing on controversial issues in the treatment of early-stage breast carcinoma. But the future of breast BT in The Netherlands is difficult to predict due to possible other conformal techniques with EBRT.
It is expected that a similar effect of the clinical evidence for improved outcome of image-guided implant techniques as indicated above for prostate treatments will favour the future use of BT for gynaecology [26] . Major changes may result with the increased use of MR and CT based 3D/4D treatment planning, in particular for definitive techniques. In regard to treatment intent, the number of radical treatments can be expected to remain stable, while it remains unclear if the results of the PORTEC-2 with BT compared to EBRT will change the patterns of practice in postoperative endometrial treatment [11] .
With regard to prostate implants, the use of the seed technique seems to be generally uniform throughout the country. In addition, there is only one centre with PDR, and one with HDR as treatment modality. No other radionuclides were used for seeds than 125 I. Dose prescription was uniform at the 144-145 Gy level, with only one exception. In general, modern intraoperative or interactive treatment planning in the OR was used. As a shortcoming in the survey with regard to prostate implant dosimetry it is noted that treatment margin or other details about dose or volume specification was not included in the questions.
Research and education
Eight institutions in this survey have reported participating in a total of 4 prospective clinical trials and 6 local study protocols. We suspect that these answers underreports important clinical and physics research work being performed in The Netherlands in the field of BT. Recent studies for example showed clear interest from different groups in a wide variety of topics such as radiobiological dose adding [27] ; 3D image guided optimisation for the cervix ring applicator [28] ; treatment of bladder cancer using BT [29, 30] ; and head and neck implant techniques [31] .
Four of the 20 institutions reported having special BT education programmes that ranged from practical training of residents, sending trainees to teaching courses (e.g., ESTRO), and organisation of dedicated PDR workshops. The answers were scarce, quite variable, and pointing in different directions. All post-academic (8 × in The Netherlands) education programmes have clear programs for their residents with regard to BT training, but this is not reflected in the answers to the survey. No reference was made to any of the ESTRO documents in which training is discussed [1, 32, 33] .
General comments
The average number of BT patients per institution is approximately 100 patients per year in The Netherlands. Table 1 makes clear that, for several treatment sites, BT is applied with relatively low numbers of patients. The reported patient numbers for head and neck, anal canal, paediatrics, bladder and eye interventions ranged from 3-20 patients per year per institution, with few exceptions. However, these techniques absolutely require experienced teams working closely with the surgeons (except for anal canal). Treatment planning for these techniques is complex and the use of optimal imaging is recommended. These sites are therefore suited for concentration in one or a few specialised centres in a country and thus for referrals from other, peripheral institutions. As a first step in defining quality requirements, the Dutch society for radiation oncology recommended that centres perform a minimum of 35 prostate implants per year to maintain proper quality. The smallest number of patients treated for prostate cancer at any one institution in 2007 was 27. Similar recommendations might be defined for the complex treatment sites cited above, taking into account complexity of technique, site-specific cancer incidence, available expertise, regional function of the centre, etcetera.
The survey helps to identify discrepancies between recommendations and practice. The fact that this type of survey is made on an international scale in combination with a detailed analysis of the local situation allows the national society to develop guidelines for high quality work in specific areas. Establishing expertise based on a minimum number of treatments per institution/year for certain sites may be one of those guidelines or quality indicators. Survey questions for specific treatment sites (e.g. on the practise of dose prescription and margins, the use of specific imaging modalities) may similarly be helpful in determining the uniformity of BT procedures.
These survey results, combined with data on cancer incidence and related developments and when compared with data from other countries or regions, allow us to identify general trends and possible regional differences in practices. The results may then support the continuation of the PCB study to document further developments and changes in the field as well as any notable increases or decreases in patient numbers per tumour category. Continuation of this study is recommended to improve RT provision on rational grounds throughout the European area and beyond and as a model for health care planning.
